Abstract: A new series of nucleoside substituted perhydro-1λ 5 -[1,3,2]diazaphospholo[1,5-a]pyridine-3-thione derivatives 4(a-j) was synthesized by a one-pot two-step process. It involves the formation of key intermediate,
Introduction
Organophosphorus compounds are interesting frame works since they find in various applications such as pharmaceuticals, agrochemicals and chemical synthesis. [1] [2] [3] In particular, phosphorus heterocyclic compounds with five and six membered consisting of heteroatoms like nitrogen and oxygen have been attained significant interest due to their important applications in organic synthesis 3 and large varieties of biological activities such as herbicidal, 4,5 insecticidal 6 and antimicrobial. 7 Further, the phosphorous compounds with P-N functionality like diazaphospholes have been attained great interest due to their significant medicinal, pesticidal, [8] [9] [10] [11] antiviral, bactericidal, antioxidant, 12 and anti-carcinogenic activities. It is well recognized that the presence of phosphoryl or thiophosphoryl group in a molecule can control molecular replication, cell biochemistry and metabolic processes in all living species 13 and acts as phosphorylating agent of enzymes possessing good biological activity.
Piperidines are essential scaffolds in numerous natural products, 14 synthetic pharmaceuticals 15 and wide variety of biological compounds. 16 It has been found that compounds containing piperidine moiety have entered preclinical and clinical trials 17 over the last few years. Further, the piperidine derivatives have exhibited diverse biological activities like antibacterial, antimalarial, antiinflammatory and enzyme inhibitory. Numerous methodologies have also been developed using piperidine moiety involving various cyclization techniques. 18 For example, substituted 2-amino methyl piperidine is found to be the main class of selective protein kinase C, and has emerged as a key mediator in cellular regulation, signal transduction and neoplastic promotion. 19 Nucleosides and their analogues are one of the important compounds that are largely studied and used as antiviral and antitumour agents. 20 It was recognized that some of the antiviral drugs are able to mimic natural nucleosides and as such serve as a building units or inhibitors that inhibit nucleic acid synthesis or block nucleoside/nucleotide dependent biological process. [21] [22] [23] [24] [25] Further, some of the nucleoside derivatives exhibit moderate to good activity against specific bacterial strains. But for the last two decades, the studies on antibacterial properties have often been ignored in favour of those relating to antiviral and anti tumour activities. Yet, some recent experiences have proved the great value of this field of research. For example, complex nucleosides have showed signs of antibacterial activity by specific inhibition of cell wall peptidoglycon biosynthesis, 26 DNA ligases, 27 adenosine analogues such as cordycepin 28 and some purine derivatives 29 have shown biological activity including antimicrobial properties.
In general, nucleosides phosphorylated at C-5 position have been used as biological probes in the study of various enzyme-catalyzed reactions. [30] [31] [32] These nucleosides become bioactive depending on the ability to convert to their nucleotides, thereby establishing their biological function in the inhibition of viral replication and cell proliferation through inhibition of enzymes involved in the de novo biosynthesis of nucleotides. [33] [34] [35] Thus, nucleoside analog chemotherapy has become crucial in the treatment of hematological and solid malignances. 36 Further, the use of nucleosides continued to dominate over other drugs for the treatment of various diseases such as HIV, HBV, cancer, 37, 38 viral 39, 40 and act as target prodrugs for the quantifiable remedy for the treatment of AIDS. 36, 41 Recent studies, have proved that introduction of various nucleosides to the P-N functional moieties increases cellular uptake and enhances the chemotherapeutic properties. 42 By finding the importance of P-heterocyclics and nucleosides in biology from literature survey and our continuous research on development of phosphorus biomolecules, 43 herein, we synthesized nucleoside substituted perhydro-1λ
2. Experimental
Chemical Material and Apparatus
All chemicals were purchased from Merck, Aldrich and S. D. Fine-chem. (India) for use without further purification. Solvents were distilled over with appropriate drying agents and degassed before use. Melting points were determined in open capillaries using Guna melting point apparatus and are uncorrected. IR spectra were recorded on JASCO FT-IR 5300 by pressed pellet method using KBr.
1 H NMR, 13 C NMR and 31 P NMR spectra were recorded on Bruker AV-400 spectrometer operating at 400 MHz for 1 H NMR, 100.6 MHz for 13 C NMR and 161.9 MHz for 31 P NMR in DMSO-d 6 . Tetramethylsilane (TMS) and 85% H 3 PO 4 were used as internal and external standards to record 1 H, 13 C NMR and 31 P MR spectra, respectively. Mass spectra were recorded on API3000 mass spectrometer in positive mode. The progress of the reactions was monitored by TLC on Merck silica plates. Hi-media silica gel (60-120 mesh) was used for column chromatography. A solution of thiophosphoryl chloride 2 (0.10 mL, 1.0 mmol) in 5 mL of dry THF was added drop wise over a period of 20 min to a stirred solution of 2(±)-aminomethylpiperidine (1) (0.12 mL, 1.0 mmol) and triethylamine (0.27 mL, 0.2 mmol) at -5-0 o C for 1 h. After addition was completed, reaction mixture was stirred for 1 h by slowly raising the temperature to ambient temperature. To the intermediate 3, Zidovudine 4b (0.267g, 1.0 mmol, in 6 mL of THF: Py (2:1) and triethylamine (0.12 mL, 2.0 mmol) were added and heated to reflux (55-60 o C) the reaction mixture and then stirred for 6 h. The progress of reaction was monitored by TLC using methanol and dichloromethane (1:9) as an eluent. After completion of the reaction, Et 3 N·HCl was filtered off and the residue was washed twice with 4 mL of THF. The combined organic layer was concentrated under vacuum and the crude product was subjected to column chromatography (60-120 silica mesh) using initially with the mixture of cyclohexane and ethyl acetate (2:8), and then mixture of methanol and ethylacetate (1:9) as an eluent systems to obtain the pure product, 1-
The same procedure was adopted for synthesizing the remaining title compounds. 4, H-6''); 13 
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Biological Assay

Antiviral Activity
The Lasota strain of NDV virus was collected from the Department of Virology, Sri Venkateswara University, Tirupati. The titre of the NDV virus was measured as 1/128. The embryonated chicken eggs used for the experiment were collected from the poultry division, Sri Venkateswara Veterinary University, Tirupati and incubated in an incubator at 37 o C. Antiviral assay of all the newly synthesized compounds 4(a-j) was tested against Newcastle Disease Virus (NDV) using allantoic sac of developing chicken embryos with some minor modifications (Rajbhandari et al., 2001) [45] [46] . Nine-eleven days old chicken embryos were labeled according to the compounds used. The eggs were swabbed with 70% alcohol in a cotton wool and transferred into a cleaned tray. The swabbed eggs were placed in micro safety cabinet, punched and inoculated with the compound/virus mixture via the allantoic sac route. All the titled compounds dissolved in DMSO were treated with a suspension of 0.1 mL of the NDV virus at 1 mg/mL of the compound. DMSO was used as negative control, it doesnot affect the test organisms. The treated virus was incubated at 4 o C for 1 h. Then, the treated viruses were inoculated through allantoic sac route of 9-11 days old chick embryos. PBS solution was used as a control. The eggs were sealed with molten wax and incubated at 37 o C. Allantoic fluid from the treated eggs was collected for the haemagglutination test to detect NDV in the eggs.
Haemagglutination Test (HA)
50 μL PBS solution (0.01M, pH 7.2) and 50 μL of the compound, 50 μL of the freshly prepared 1% washed chicken red blood cells (RBCs) were added to each well of U-shaped micro titre plates with the help of micro pipette calibrated with 25-200 μL and were incubated at room temperature for 30 min. The results were recorded after 30 min of incubation and are presented in Table 1 .
Antibacterial Activity
In vitro antibacterial activity of the newly synthesized compounds was carried out using agar disc diffusion method 47, 48 on nutrient agar medium against Bacillus subtilis (ATCC-6051), Bacillus pumilis (MTCC-2296), Pseudomonas marginalis (MTCC-2758), and Pseudomonas aeruginosa (ATCC-27853). The nutrient agar medium in each petri plate was homogenously spread with a bacterial strains and incubated at 25±2 o C for 24 h. All the test compounds were dissolved in DMSO. DMSO was used as negative control, it doesnot affect the test organisms.Sterile disc of 6 mm whatmann filter No.1 was introduced onto the media. 200 μg/mL of the test compound was introduced onto the disc and dried completely to saturate the disc with the test compound and incubated at 25±2 o C for 24 h. After incubation, zone of inhibition around the disc was calculated edge to edge zone of the disc and was measured in millimeters. All the tests were carried out three times and average was taken as the final result. Ciprofloxacin was used as a standard drug and zone of inhibition of the test compounds were compared with the standard controls and results are presented in Table 2 .
Antifungal Activity
Newly synthesized compounds were evaluated against Aspergillus niger (MTCC-1881), Fusarium oxysporum (MTCC-1755) and Candida albicans (ATCC-2091) using poison plate method 49 and Ketoconazole was used as a standard drug. All the newly synthesized compounds were dissolved in DMSO separately and were transferred into the sterile petri dishes at concentration 200 μg/mL using micropipette. Potato dextrose agar (PDA) medium and the sterile PDA plate were prepared. 0.1 mL of each fungal strain was spread on each plate and incubated at 27±2 o C for 24 h. After proper preparation of incubation well using cork borer, each agar well is filled with 0.1 mL of compound solution at concentration 200 μg/mL. The plates were kept in a refrigerator for 20 min for diffusion and incubated at 27± 2 o C for 5 days. DMSO was used as negative control, it doesnot affect the test organisms. Inhibition zones of the titled compounds were measured and are presented in Table 3 .
Results and Discussion
The synthesis of nucleosides substituted perhydro- 4(a-j) . The final crude compounds were obtained by the filtration of Et 3 N·HCl followed by concentrated under vacuum. The compounds were purified by subjecting to the column chromatography using initially the mixture of cyclohexane and ethyl acetate (2:8) , and then mixture of methanol and ethylacetate (1:9)) as an eluent systems.
Structures of all the newly synthesized compounds 4(a-j) were confirmed by spectroscopic data ( 1 H, 13 13 C NMR chemical shift values for aliphatic carbons of piperidine were resonated in the region δ 21.2-58.3 and the carbonyl carbons in the region δ 152.9-164.6 ppm. The mass spectra of the compounds showed molecular ion at appropriate m/z values, which correspond well to the respective molecular formula and HRMS were recorded for the all compounds.
All the newly synthesized compounds 4(a-j) were evaluated for their antiviral activity against Newcastle disease (NDV) virus using allantoic sac of embryonated eggs and haemagglutination (HA) tests and the results are summarized in Table 1 .The bio-efficiency of the final compounds 4(a-j) was screened against NDV virus in embryonated chicken eggs in time dependent fashion (until 4 days). Haemagglutination test was carried out to associate embryo mortality with viral activity. The standard doxorubicin was used as positive control to compare the antiviral activity of the title products. The observations in the course study of antiviral activity revealed that all the newly synthesized compounds 4(a-j) showed no embryo death (mortality) when inoculated with NDV at 24 h post inoculation. Compounds 4a, 4b, 4e, 4g, 4h show no embryo death at 48 h post inoculation. All five NDV infected embroynated eggs in compound 4b had survived even after 72 h (zero mortality) of post inoculation which is equivalent activity to that exhibited by the standard drug. Antimicrobial potency of the newly synthesized title products 4(a-j) was tested against four bacterial strains such as Bacillus subtilis (ATCC-6051), Bacillus pumilis (MTCC-2296), Pseudomonas marginalis (MTCC-2758) and Pseudomonas aeruginosa (ATCC-27853), and fungal strains such as Aspergillus niger (MTCC-1881), Fusarium oxysporum (MTCC-1755) and Candida albicans (ATCC-2091). Agar disc diffusion method and poison plate technique method has been used to test antibacterial and antifungal activities respectively. Ciprofloxacin in antibacterial activity and Ketoconazole in antifungal activity were used as the standards (positive control) to compare the title products activity.
The results of antibacterial activity of all the newly synthesized compounds 4(a-j) are evaluated in Table 2 . Most of the compounds have shown significant level of activity in comparison with the standard used. Compounds 4b linked with zidovudine and 4c bonded with lamivudine showed highest activity against all the tested pathogens. Compound 4e against P. marginalis and compound 4h against B. subtilis showed highest activity when compared to the remaining title compounds. The results of antifungal activity of all the newly synthesized compounds 4(a-j) are evaluated in Table 3 . Most of the compounds exhibited significant level of activity against the tested pathogens in comparison to the standard. Compounds 4b linked with zidovudine, 5e bonded with didanosine and 4i connected with cytidine exhibited highest activity against all the tested pathogens. Compound 4c exhibited highest activity against F. oxysporum when compared with remaining title compounds. In whole biological observations, the title products, nucleosides substituted perhydro-1λ 5 -[1,3,2]diazaphospholo[1,5-a]pyridine-3-thione derivatives 4(a-j) are acted as potent antiviral agents as compared with antimicrobial agents. However, zidovudine linked derivative, 4b exhibited highest (antiviral and antimicrobial) activities.
Conclusion
We have synthesized a new series of nucleoside substituted perhydro-1λ 5 -[1,3,2]diazaphospholo[1,5-a]pyridine-3-thione derivatives and evaluated for their antiviral and antimicrobial activity against the growth of selected microorganisms. In the biological assay, compounds 4b, 4h showed highest antiviral activity against NDV and 4b, 4c, exhibited highest antibacterial activity and 4b, 4e, 4i showed highest antifungal activity. Overall, nucleoside, compound 4b bearing zidovudine has shown highest (antiviral and antimicrobial) activities. This work may be beneficial to develop chemotherapeutic value of the nucleoside derivatives and good impact to medicinal and phosphorus chemistry.
